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ABSTRACT

The parameters in a linear regression model can be estimated

by minimizing the sum of the absolute residuals (L, estimation) instead

1
of the more classical approach of minimizing the sﬁm of squared
residuals ( least squares estimation). In addition to other nice
properties Ll estimators are less sensitive to outliers than least
squares estimators., This paper describes a linear programming
algorithm and computer program for obtaining unbiased Ll estimators

and estimates of their covariances. These estimated covariances

are the new feature in this work and are an extremely important

Technical Report 65 provides an analogous treatment of Ll estimation

ingredient in hypothesis tests and confidence interval construction. }
subject to linear constraints on the parameters. !
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 § Unbiased L1 Estimators and their Covariances

1. An Introduction to MRS. A.

Consider the linear regression model in the form
y=XB +e Q1)

where y 1s a vector of n observations, X {s an n x p matrix of rank p of -
known constants, B is a vector of p unknown parameters and € is a vector
of independent random variables (noise) symmetrically distributed with
meag zero and variance 02 . Unbiased estimation of B can be obtained under
several differeng optimality criteria., The classical least squares approach
is to estimate B by

B = (xt0t xTy (2)
which has the smallest variance among the class of unbiased linear functions
of y. The least squares estimator, é, is extremely sensitive to large
values of |e], outliers, particularly when the sample size, n, is small
relative to p, say n < 2(p+l) . This sensitivity suggests that an optimality
c;iteria other than minimum variance should be considered. Several authors

(Barrodale (1968), Charnes and Cooper (1964), Gentle, Kennedy and Sposito

(1977), Harris (1950), Harter (1974), Rice and White (1964), Taylor (1973))

have suggested that
.-’
T |y, ~x8] 3)

should be minimized with respect to B where Yy is the i-th observation and X,

£ i ab sdol.,

is the i-th row of X. The estimator, 5, which minimizes the sum of the

DA SR LA e

absolute residuals is often called the L1 estimator.

Since the L1 estimate is not necessarily unique, the unbiasedness of

an Ll estimator depends upon its method of computation. Hartley and Sielken

[1973] have shown how to obtain an unbiased L

1 estimator using any conventional v




linear programming algorithm and an initial unbilased antisymmetrical

estimator of B, say Bo, where

.

f B - By(c) = - (8 - By(-e)] . @)

The computer program MRS. A. implements an algorithm for Minimizing

the Sum of the Absolute Residuals. The algorithm uses the least squares

estimator B as the initial unbiased antisymmetrical estimator. .
It 1s nice to be able to compute an L1 estimate, The fact that the
L, estimator can be made unbiased is the first step in understanding its

1

properties. The second step is to estimate its covariance. Such an
estimate would usually be a prerequisite for confidence intervals or
hypothesis tests. In the past the absence of such a covariance estimator

has made Ll estimation less attractive. MRS. A contains a mini-Monte

Carlo procedure for estimating the covariance of the L1 estimator. This

feature sets MRS. A apart from other Ll estimation procedures.

s
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sulting Ll estimator iz unhiaced, the nreblem 1is reformulated €cllonins

2, Computational Procedure

The problem of minimizing the sum of the absolute residuals can be

formulated as follows:

n
min I r, ()
i=1
subject to
Ty <y, -XB<r ,1i=1, ...pn, (6)
r,20, ¢))
B unrestricted , (8)

where ri is the 1-th absolute residual. However, to insure that the re-

<

Hartley and Sielken [1973]. In particular, introducing the antisymmetrical

least squares estimator, BO’ transforms (6) to

TSy KB X (B-B)<r, i1, .0 (9

Then, using
g =g g2
8 =g _ @
0 0 0

with g, g2, g1 sgz’_z 0 in (9) yields

(1) (2) (2) (1)
-X, (8 + Bo ) + X, (8 + Bo Y-y <=y, + xiso

(1) (2) (2) )
X, (8 + Bo ) - X, (8 + Bo ) "'1-‘-71"‘1’_0

-
€ YU
i é.‘g‘ b i!
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or equivalently

- + - -
X By ¥ XBy m 1y Sy H X8

Xg By = XyBp - vy 2y - X8 (10)

for 1 =1, ..., n vhere

81 = B(l) + 8(2) >0
0

(11)
B, = 8%+ 50,
NI

Now, in order to compensate for any idiosyncrosies in the particular
linear programming algorithm used to solve the problem in (5), (7),

(10), (11), the problem is considered in two equivalent symmetrical

forms, P1 and P2 » with MRS. A randomly selecting either P1 or P2 with
probability % . The problems P1 and P2 in matrix notation are as
follows:
n
P,: minl r
. 1 1=1 1
subject to
X X -I TB -y + X8
1 y 0
=
X -X -~I B2 y - X8
T »
By +» By, 203
n
P,t min I r
2 =] i
subject to

.
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Bl.Bz.thQ

After either P, or P, has been solved by MRS. A, the unbiased L

1 2 1

estimator 1is

8 =_Bl - 82 + Bo . (12)

If the sample size was quite large, say n >> (p + 1)2 , the sample
could be randomly subdivided into G groups, then Bg estimated for each
group g separately, and the covariance of B estimated from the sample

covariance of the 88 's.

+ MRS. A estimates the covariance of a using a mini-Monte Carlo
procedure. Conceptually a Moﬁte—Carlo estimate would be obtained by
generating several sets of n y's , finding the L1 estimate for each
set, and computing a sample covariance. There aré two difficulties
with generating the y's; namely,

1) 8 is- unknown, and

(2) o2 4s unknown.




The first of these difficulties can be overcome by expressing the sum of

absolute residuals as

p n | - |
i L y, - X.B
| {=1 i i

n
=I | X8+ ¢

. -x.8 |
} i=1 i

i

n -~

\ = |e, -X, (8B-08) |
4 i=1 i i

n

= |e, -x%x, 68| (13)
4oy 174

-~

using (1) and 68 = 8 - 8 and noting that the covariance of the L1
) estimator of 68 1is the same covariance of B . Thus, only sets of n
¢'s need be generated. To deal with the second difficulty (the unknown

02), note that

. n I
z €, - X, 68 |
g=1 i b §
n * * :
=g | e, - X 88 | 14)
1=1

* ~
where 68 = (B - B) /o and € / ¢ 1s symmetrically distributed with

mean 0 and variance 1. Furthermore,

"Covariance (E) = Covariance (éb)
(15)

-~ * ’
= JCovariance (é8).

. *
Thus, the mini-Monte Carlo procedure generates K sets of n € 's; finds

.* L
the K Ll estimates §8 ; and then estimates the covariance of B by o




~ %
times the sample covariance of the 6B .

Several possibilities for 02 have been considered

-2 n

' 2
(1) o = L (yi-xiso) / (a-p),
i=1
-~ 2 n -~ 2
(2) 9, = I (yy,-%x8) / (o-p),
i=1
-2 n - 2
3) o, = I (yg - X,8) [/ (a-p)
1=1
' K
1 * ~x 2 )
£ L (e -X 68 ) / (np),
k=1
~
-2 ( n “ 2
(4 o =| E | v, - %81 7 (o-p)
4 i=1
s, K n * - %
rs
X . - -p) !
% kzl :_:1 | S ¥ 'SBkl /(np). K
\ == J
-2 . 2 -~ 2
Of course, 01 is the usual least squares estimator of ¢ while 02

has the same form but uses the L1 estimator of B instead of the least

- 2 - 2
squares estimator. The ratio estimators, ¢ and ¢ reflect the fact that
3 4

2 *
the variance of the y's is o while the variance of the ¢ 's is 1 .
Since Ll estimation is used to avoid certain weaknesses in least squares

2
estimation, it seems appropriate to estimate ¢ using the absolute

-2 :
residuals, as in o“ s Instead of the squared residuals. Furthermore
E [ly - X8|] 1s often proﬁortional to o. In particular,
-1
Eflly -x8]1 =0 (/D" , (16)

if ¢ has a uniform distribution; . .
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1

Elly-xsl]l =0 (u/2), . (17)
if ¢ has a normal distribution; and
' -1
El|ly-x8]] =0 (2), (18)

if ¢ has a double exponential distribution. Of course, if

E [[y- x8]] = co (19)

*
and the ¢ 's are generated from the same distribution but with variance 1,

~ 2
then the proportionality constant doesn't affect o . For these
. L

~ 2
reasons MRS. A uses ¢ .
Y

The results in (16), (17), and (18) suggest another alternative
for ¢ ; namely,
n

t |y, -X E | / (n-p)
5 =1 i i

>

Q
L}
Oy

. -

where C depends on the assumed distribution of ¢ . Note that o

reflects only the variability in ¥, - xia whereas o“ reflects not

i

only this variability but also the variability associated with the
linear programming algorithm. Some empirical behavior of these five

estimators of o d1s reported in Table 1.

MRS. A allows the user to geherafe the ¢ 's from either the
uniform, normal, or double exponential distributions. These distributions
were selected as being representative of short, medifum, and long tailed
distributions respectively. These three distributions are also interesting

because maximum likelihood corresponds to minimizing the maximum absolute

R i T )

. T S, ) .
alge il




Table 1
Empirical Results on Tive Estimators of 02

= For n = 20
E .
b -~ - -~ - -

02 ai ag o§ o: o§ € distribution
(! ’ 25 21.14 21.66 20.36 24.24 23.45 Uniform

25 21.59 21.66 20.26 22.58 23.61 Normal

25 40.53 45.47 48.77 36.22 36.50 Double Exponential

100 111.63 119.44 109.54 110,12 113.59 Uniform

| 100 87.64 87.92 81.21 91.21 95.67 Normal
w 100 38.25 40.06 34.43 39.20 45.93 Double Exponential
F 400 375.31 376.33 351.39 360.95 362.25 Uniform

400 349.55 350.70 324.38 363.56 381.67 Normal
400 333.70 336.78 300.91 214.12 251.63 Double Exponential

2500 3255.33 3782.59 3551.58 3762.09 3724.80 Uniform
2500 2174,03 2181.34 2029.00 2270.24 2378.90 Normal
2500 2480.54 2907.44 2497.52 2345.71 2720.68 Double Exponential

8100 8363.82 9644.51 9027.74 8310.63 8470.63 Uniform
8100 7117.80 7139.82 6681.97 7433.47 7765.47 Normal ;
8100 7987.26 8063.69 7608.09 8355.12 9082.50 Double Exponential

-
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residual if the €'s are uniform, minimizing the sum of squared residuals
4f the ¢'s are normal, and minimizing the sum of absolute residuals {f

¢'s are double exponential,

Since the proportionality constants 2173 , Y1J2 , and V2 or
approximately 1.155, 1.253, 1.414 respectively are all nearly the same,
the estimator 54 is not too sensitive to the possibility that Y - X8

and c* have different distributional forms,

MRS. A allows the option of assigning weights to the residuals

modifying equation (5) to

min ] Wr ;
1e1 i1 ‘
where f
’ Wi = the weight given to the i-th residual. |
If "1 are not all equal to one then the objective function in the mini-

Monte Carlo study is

n * *
I wle -x 68|
e L 1

-

and the estimates of g also reflect the Wi ; namely,

n -~

K n

1 * ak
= W, e, - X 88, |/(n-p)
LN L I A

and

¢ .1 % oy B
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3. MRS. A: User's Guide and Sample Problem

MRS. A consists of a main program and seven subroutines. The functions

of these components are described in Table 2.

Input instructions are briefly documented in the program and consist

of four basic card types.

i f ) The first card or card image contains the ancillary statistics for

the specific problem as follows:

First Card:

Card Column Variable Name Description

1-5 NOBS = n = number of observations (format.IS; i.e.,

a 5 digit integer, right justified)

IP = p = number of beta parameters (format I5)

IsaM = K = nuxber cf'sa:plcs for the mini-Monte
Carlo study (format I5)

NSEED Ten digit random number < 2147483647
(format I111)

IWRIT1 = 1 if the main results of L, estimation

are printed

= 0 otherwise

IWRIT2 = 1 if the intermediate results of Ly
_estimation are printed
= 0 otherwise

IWRIT3 = 1 if the main results of the mini-Monte
Carlo study are printed

= 0 otherwise

— combsites s wonme il




* Card Column Variable Name Description
3 34 IWRITS = ] if the intermediate results of the
: mini-Monte Carlo study are printed
i
; : = 0 otherwise
f 36 IWRITS = 1 1f the inputted data are printed
: i = 0 othervise
3 38 IWRIT6 = 1 1f the intermediate steps in the
L ‘ determination of the covariance of 8
: i . are printed
i ! = 0 otherwise
40 IOPTN = 1 if the €"'s are to be normally
: distributed
= 2 1f the e*'s are to be double exponentially
aistributed
; = 3 1f the e*'s afe to be uniformly distributed
;i . 42 IWT » 1 if weights, ﬁi , are to be assigned to
g ' the residuals
= 0 if residuals are not weighted
‘

The remaining card input instructions are as follows:

Card Number Variable Name Description
Second card group: ’ Wi, i=1, ..., NOBS The weights assigned to the

residuals [format (8F10.5) ; 1i.e.,
eight ten digit numbers with
either a decimal point included
or last 5 digits are assuﬁed to

be to the right of a supplied

decimal point.)




o e o boc W

Card Number Variable Name Description

Third card group: Yg» 1=1, ..., NOBS The observations [format(8F10.5)])
Fourth card group: xij’ i=1, ..., NOBS The matrix of beta coefficients
=1, ..., IP read in by rows [format (8F10.5)]

-. The user may also supply a title card of 80 spaces or less following

the fourth card group.

The size of the problem which can be solved is limited only by the
dimension statements in MRS, A. Currently these restrict the size to be
20 or less observations (n < 20), 10 or less parameters (p < 10) and 100
or less samples in the mini-Monte Carlo study (K < 100). However, expansion
can easily be accomplished by increasing these dimensions in the dimension
statements as documented in the program. |

MRS, A is written in Fortran IV language and is compatible with Fortran
G and H and WATFIV language compilers. The program uses double precision
arithmatic.

MRS. A has been tested on several problems on an AMDAHL 470 V6 and
should be compatible with all IBM computers. MRS. A executes small problems
such as n =5, p =3, K= 6 in less than two seconds. Problems of sizes
n=20, p=2, K= 30 take up to a minute of execution time.

The sample input'and sample output for a sample problem are given in

Appendices A and B, respectively. The program listing is given in Appendix C.




Table 2

Components of MRS. A and Their Functions

Component Function

MAIN | Reads data and generates output.
Performs L1 estimation.
Carries out the Mini-Monte Carlo study.

Determines o and the estimated covariance of é.

INVERT Inverts an n x n matrix.
CONST Constructs the least squares estimate of B, Bo.
XTXINV Calculates (XTX)™! for use in forming By -

Generates random uniform variable with range 0 to 1.

*
Generates a vector of normally distributed €
with mean 0 and variance 1 for use in the mini-

Monte Carlo study.

‘Generates a vector of double exponentially
distributed e* with mean 0 and variance 1 for
use in the mini-Monte Carlo study.

Generates a vector of uniformly distributed
e* with mean 0 and varlance 1 for use in the

mini-Monte Carlo study.
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APPENDIX A.  SAMPLE INPUTS




S 2 20 1872539680 0 0 0 0 0 0 1 O

J , 4425700 ~-1.98300 002400 -3.18000 -3.$8600
10000v 1.12000 :

1.00000 1.95000

100000 3.02000

1.00000 S$.43000

4 . 100000 6459000
THIS 1S AN EXAMPLE PROBLEM OF MRSe Ae WITH NO OPTIONAL PRINTOUTS.

ey

T WS ——— s T e
o ¥
.
.




5 2 20 1872539680 1 1 1 1 1 110
4.25700 -1.98300 0.02400 =-3.18000 =-3.98600
3 1.00000 1.12000
1.00000 1+$5000
1.00000 3.02600
1.00000 543000

g 1.00000 659000
THIS 1S AN EXAMPLE PROJLLEM OF MRSe A. WITH ALL OPTIONAL PRINTOQUTS,

T

-
=
.

T3 "
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APPENDIX B.  SAMPLE OUTPUTS
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MRS, A ¢
MININIZES SUM OF ABSOLUTE RESIDUALS.

THIS PROGRAM ESTIMATES A LINEAR REGRESSION BY MINIMIZING
THE SUM OF THE ABSOLUTE RESIDUALS - t1 ESTIMATION,
IN ADDITIONs A HINI-HONTE CARLO STHULATION GENERATES AN
ESTINATED COVARIANCE HATRIX FOR THE ESTIMATED
REBRESSIDN PARAHETER:

UNRIASED ESTIHATES OF THE REGRESSION
PhRAHETERS ARE OBTAINED USING THE PROCEDURE
DESCRIRED IN A PAPER EY H.0, HARTLEY AND R.L. SIELKEN»JR,
‘70 LINEAR PROGRAMMING ALGORITHMS FOR UNRIASED ESTIMATION
OF LINEAR MODELS®» 1973» JASA» VOL. 6Bs PAGES 639-41.

THE FOLLOWING FROCEIURE DEVELOFED BY ¢
D.N. ROOK
JoBe BOOKER
HeD+ HARTLEY
Rol.o SIELKEN’ JR.
INSTITUTE OF STATISIICS
TEXAS 4 § M UNIVERSTIY
COLLEGE SIATIDNr TEXAS 77843

INDUIRIES AND COMMENTS SHOULD BE ADDRESSER TO!
ROBERT L. SIELKEN» JR.

(Sample output with no optional
printouts)

THE SUPPORT OF THE OFFICE OF MAVAL RESEARCH IS GRATEFULLY ACKNOWLELGED.

THIS IS AN EXANPLE PRORLEM OF MRS. A. WITH NO OPTIONAL PRINTOUTS.

NUMEER OF ORSERVATIONS = H)

NUMRER OF PARAMETERS = 2

THE SAMPLE SIZE FOR THE MINI-MONTE CARLO STUDY = 20
USER SUPPLIED INITIAL RANDOM INTEGER: NSEED = 1872539480

THE AUXILIARY LEAST SGUARES ESTIMATEs RETAO, OF THE REGRESSION PARAMETER VECTOR, BETA

LEAST SBUARES ESTIMATE OF BETA( 1) = 3.LL7002
LEAST SOUARES ESTIMATE OF BETA( 2) =

1,159747
MRS, A‘S ANSVER ! THE ESTIMATE OF THE REGRE‘SIUN PARAHETER VECTOR WHICH HINIMIZES THE SUN OF THE ARSOLUTE RESIDUALS?

t1 ESTIHATE OF BETA( 1)
L1 ESTINATE OF BETA{ 2)
THE RESIDUALSy R(I):X=1ANOBS

3.416213
-1,123249

THE SUM OF THE ARSOLUTE RESIDUALS = 5.804572

THE MAXIMUM ABSOLUTE RESIDUAL = 3,208877

HAIN RESULTS OF THE MINI-NONTE CARLO STUDY

ESTIMATED VALUE OF SIGHA (SIGMA HAT 4) = 2,392353

ESTIHATEB‘CEgggégNCE OFngE gEGRESSION FARANETER VECTOR (EETA) USING THIS ESTIMATE OF SIGMA
-0.849803 0.364199




MRS, A ¢
MINIMIZES SUM OF ABSOLUTE RESIDUALS.

THIS PROGRAN ESTIKATES A LINEAR REGRESSION BY KININIZING : : :

THE SUN OF THE ABSOLUTE RESIDUALS - L1 ESTIHATION. (Sample output with optional printouts)
IN ADDITIONs A KINI-HONTE CARLO SIHULATION GENERATES AN

! ESTINATED COVARIANCE MATRIX FOR THE ESTINATED

j REGRESSION PARAMETERS,

: UNBIASED ESTINATES OF THE REGRESSION

PARAMETERS ARE OBTAINED USING THE FROCEDURE

DESCRIRED IN A PAPER BY H.0. HARTLEY AND R.L, SIELKEN»JRs

. *THO_LINEAR PROGRAMMIMG ALGORITHMS FOR UNBIASED ESTIMATION
X OF LINEAR MODELS®s 1973» JASA» VOL. 68y PAGES 637-41,

t THE FOLLONING PROCEDURE DEVELOPED BY
i D.X. BOOK
F J.B. BOOKER

H.0, RERTLEY

R.L, SIELKEN: JR.
1 INSTITUTE OF STATISTICS

TEXAS A § K UNIVERSTIY

\ COLLEGE STATIONS TEXRS 77843

INQUIRIES AND' COMMENTS SHOULD RE ABDRESSED T0:
] ROBERT L, SIELKEN» JR.

THE SUPPORY OF THE OFFICE OF NAVAL RESEARCH IS GRATEFULLY ACKNONWLEEGGED,
f THIS IS AN EXAMPLE PROBLEM OF MRS, A. WITH ALL OFTIONAL PRINTOUTS.,

4 NUMBER OF OBSERVATIONS = 5

| NUMBER Of PARAMETERS = 2

’ THE SANPLE SIZE FOR THE MINI-HONTE CARLO STUDY = 20
USER SUPPLIED INITIAL RANDOM INTEGER? NSEED = 1872539480
THE LINEAR REGRESSION IS Y = X#BETA + EPSILOM

: WHERE

] Y CONTAINS THE OESERVATIONS,

EETA IS A VECTOR CONTAINING THE REGRESSION PARAKETERS,
THE I-TH ROM OF X CONTAINS THE COEFFICIENTS OF BETA
CORRESFONDING 1D THE I-TH OBSERVATIONy AND

EFSILCN IS A RANDOK VARIABLE WITH MEAN ZERD AND VARIANCE

i SI1TMA-SOUARED REPRECENTING RANDOM VARIARILITY FROM i
YEEETA, i
THE Y VECTOR |
125700 !
-1,98300 :
0.02400 é
-3.18000 ‘
-3.98400 ;
THE X KATRIX :
1,0 1.1 g

1.0 2.0

1.0 3.0

1.0 S,

1.0 6.6
SUFPLEKENTAL INFDRHATIDN FRON THE LINEAR PROGRAMMING PROBLENM DETERMINATION OF THE ESTIMATE OF
THE REGRESSION PARAHETER VECTOR, B
THE LINEAR PROGRANMING PRORLEW AS IT WAS CREATED
THE OBJECTIVE FUNCTION COEFFICIENTS

cl 1) = 0.00000
€ 2= 0000
€t = +0000
Cl 4) = 0.00000
€ 9= -1,00000
€( é) = -1.00000
e = -1.0
c( B) = -1.00000
£t 9= -1,00000
c( 10) = 0.00000
1) = 200
€ 12) = 0.00000
C(13) = 0.00000
C( 14) = 0.00000
c{ 15) = 0.00000
C( 18) = 0.00000
€(17) = 0.00000
£ 18) = 00000
(19) = 0.00000

C
THE CONSTRAINT MATRIX &
-1.0 -2 10 1t -0 00 00 00 00 1.0 00 00 0.0 0.0

. — '.‘;'_Ll L - 4 e




4,0 20 1.0 2.0 0.0 -1.0 0.0

0.0 0.0 0.0
0.0 0.0 0.0
-1 -30 t0 30 00 00 -1.0 00 0.0 0.0
0.0 0.0 0,0
'100 ‘So‘ 1-0 504 °o° °o° 0.0 'loo 000 000
0.0 0.0 0.0
1.0 -6, 1.0 6.6 00 00 0.0 0.0 -1.0 0.0
6.0 0.0 0.0
1.0 1 l ‘100 'lll -1.0 °o° 0.0 000 0|° 000
0.0 0.0 v.0
100 200 -1.0 '200 000 -1.0 0|° 0-0 000 000
6.0 0.0 _0.0
100 300 -1.0 '3'0 000 000 ’100 000 °c° 000
1.0 0.6 0.0
100 504 'loo '5:‘ 0.0 0.0 000 ‘1c° 0.0 0.0
0.0 1.0 0.0
100 606 '100 '606 0.0 0.0 0.0 OIO '1:0 0.0
6.0 0.0 1.0
THE VARTAELES INITIALLY IN THE BASIS
10011912913914415:16517+18419s
THE PROBLEM P2 HAS BEEN SELECTED
THE INVERSE OF XTX
0.810298 -0.168497
-0,168497 0.044521
VALUE OF RETAO TO COMFUTE RHS
3.227002 -1.159747
THE KHS,» YHXBs FOR P1 OR P2
2.320914
-2,948496
0.299433
-0.109578
0.429728
THE INITIAL VALUES OF THE BASIC VARIARLES
XB{ 1) = 0.23289D 01
XR( 2) = -0.29485D 01
XB( 1) = 0.299430 00
Xe( 4) = -0.10958D 00
XEt 3) = 0.42973D 00
XR( 6) = -0,23289D 01
XR( 7) = 0,29485D 01
XB{ 8) =  -0.29943D 00
XB( 9) = 0.10958R 00
XR{ 10) =  -0,42971h 00
THE INITIAL VALUE OF THE OBJECTIVE FUNCTION = 0.00000D 00
THE REDUCED COSTS
THE  1-TH REDUCER COST =  -0.00000D 00
THE  2-TH REDUCED COST =  ~0.00000D 00
THE  3-TH REDUCED €0ST =  -0.00000R 00
THE  4-TH REDUCED COST =  -0.00000D 00
THE  S5-TH REDUCED €OST = -0.,10000D 01
THE  &-TH REDUCED COST =  -0,10000D 01
THE  7-TH REDUCED COST =  -0.10000D 01
THE  8-TH REDUCER COST =  -0.10000D 01
THE ~ 9-TH REDUCED CDST =  -0.10000D 01
THE 10-TH REDUCED COST =  -0.00000D 00
THE 11-TH REDUCED COST =  -0.00000D 0C
THE 12-TH REDUCED COST =  -0.00000D 00
THE 13-TH REDUCED COST = -0,00000D 00
THE 14-7H REDUCED COST = -0.00000D 00
THE 13- ,H REDUCED COST =  -0.00000B 00
THE 14-TH REDUCED COST =  -0.00000D 00
THE 17-TH REDUCED COST =  -0.00000D 00
THE 18-TH REDUCED cosT = -0 00000D 00
THE 19-TH REDUCED COST = 0.00000p 00
;EgTA;ﬁUEIY THE 2 TH BASIC UARIhBLE IS LEAVING THE BASIS
( YR(J) = 0 IF THE J-TH VARIARLE IS IN THE RASIS.
IT CAN BE ZERQ OTHERWISE 100,)
YR( 1) = -0.10000D 01
YR 2) = -0,19500D 01
YR( 3) = 0.10000B 01
YR{ 4) = 0. 195000 01
YR({ 3S) = 0,00000D 00
YRC 6) = -0, IOOOOB 01
YR( 7) = 0.00000D 00
YR{ 8) = 0.00000D 00
YR( 9) = 0.00000D 00
YR( 10) = 0.000000 00
YR( 11) = 0.000000 00
YR( 12) = 0,00000D 00
” " a Gk o - U ry< !
R e e

1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.0
0.0




YR{ 13)
YR( 14)
YR( 15)
YR( 18)

YR( 1)
YR( 18)
YR( 19) =

0.00000D 00
0.00000D 00
0,00000D 00
0.00000D 00
0.00000D 00
0.00000D 00
0.00000D 00

THE RATIO OF THE NET PRICES TD THE NEGATIVE YRJ'S

THE RATIO OF THE 1-TH NET PRICE TD YRC 1) = -0, 00000D 00
THE RATIO OF THE 2-TH NEY PRICE TO YR( 2) =  -0.00000D
THE RATIO OF THE 6-TH NET PRICE TO YR( &) = -0, IOOOOD Ol
THE  2-TH VARIARLE IS LEAVING THE BASIS.
THE  2-TH VARIABLE IS ENTFAING THE BASIS,
THE BASIC VARIARLES ARE
vy 2 12 13, 141 15 16 17y 18 1%
THE VALUES OF THE BASIC VARIABLES ARE NOW
XR( 1) = 0.402240 01
XK( 2) = 0.15120D 01
XB( ) = 0.28458D 01
XB( 4) = 0.81009D 01
XB( 5) = 0.10294D 02
XB({ &) =  -0,40224D 01
XB( 7) = 0.22204D-15
XR( 8) =  -0,48458D 01
9) = -0.81009D 01
XB( 10) =  -0,10394D 02
THE CURRENT VALUE OF THE ORJECTIVE FUNCYION =  -0.00000D 00
THE RERUCED COSTS
THE  1-TH REDUCED COST =  -0,00000D 00
THE  2-TH REDBUCED COST =  -0.00000D 00
THE  3-TH REDUCED COST = -0,00000D 00
THE  4-TH REDUCED COST = -0,00000D 00
THE  5-TH REDUCED COST = -0,10000D 01
THE  4-TH REDUCED COST =  -0.10000D 01
THE 7-TH REDUCED COST = -0,10000D 01
THE  8-TH REDUCER COST = -0.16000D 01
THE  9-TH REDUCED COST =  -0.10000D 01
THE 10-TH REDUCED COST =  -0.00000D 00
THE 11-TH REDUCED COST = -0,00000D 00
THE 12-TH REDUCER COST =  -0.00000D 00
THE 13-TH REDUCED COSY =  ~-0.00000D 00
THE 14-TH REDUCED COST =  -0.,00000D 00
THE 15-TH REDUCED COST = -0.00000D 00
THE 16-TH REDUCED COST =  -0.00000D 00
THE 17-TH REDUCED COST = ~0.00000D 00
THE 18-TH REDUCER €OST =  -0,00000D 00
THE 19-TH REDUCED COST =  -~0,00000D 00

TENTGTIUELY THE 10-TH BASIC VARIABLE IS LcAVING THE BASIS

YR(J) F THE J-TH VARIARLE IS IN THE BASIS.
IT CAN BE ZERO OTHERWISE ¥00.)

YRC 1) =
YR( 2)
YR( 3)
YR(C &)
YR 9
IRC 8)
YK(
YR(
YR(
R
YR¢
YR(
YR(
YR(
YR(
YR{
YR(
YR(

-—

.....u- [ N O YWy
~OCD N O NI Lol N e &3 ~0 OO ~Y
e
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-0,23795D 01
0.00000D 00
0.23795D 01

-0,44409D-15
0.00000D 00

-0, 33795D 01
0,00000D 00

0.00000D 00
-0.10000D 01
0.00000D 00
0.33793D 01
0.000000 00
0.00000D 00
0.00000D 00
0.00000D 00
0.00000D 00
0.00000D 00
0,00000D 00
0.00000D 00

YR(
THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ‘S
THE  1-TH NET PRICE TO YR(

THE RATIO OF

) =
THE RATIO OF THE &-TH NET PRICE 10 YR( 4) =
H NET PRICE TO YR({ %) =

THE RATIO OF THE  9-TH
THE 10-TH UﬁRIABLE 15 LEhUING THE BASIS,
THE  1-TH VARIABLE IS ENTERING THE BASIS,

THE Bﬁ?&t VA%IABLES ARE NOW

14y

15

16y 17

12y 13
THE UQ%[(IESII))F THE BASIC VARTARLES, ARE NOM
-4
XB( 2) =

0,58817D 01
-0.728070 00

1
9

18

19

-0, OOOOOD 00
-0,29590D 00
-0,10000D 01




XR( 3) = 0.24689D 01
X8 A) = 0,30525D 00
XB( 9) = 0.68613D-15
XR(C 6) = -0,58817D 03
XB( 7) = 0.10080D-15
XR{ 8) = -0,2448%D 01
XRC 9) = -0,30525D 00
XB( 10) = 0,43482D 01

THE CURRENT VALUE OF THE ORJECTIVE FUNCTION =

THE REDUCED COSTS
THE  1-TH REDUCED COST

THE  2-TH REDUCED COST =
THE  3-TH REDUCED COST =
THE  4-TH REDUCED COST =
THE  5-TH REDUCED COST =
THE  &-TH REDUCED COST =
THE  7-IH REDUCED COST =
THE g TH RELUCED COST =

THE  9-TH RELUCED COST =
THE 10-TH REDUCED COST =
THE 11-TH RERUCED COST =
THE 12-TH REDUCED COST =
THE 13-TH REGUCED COST =
THE 14-TH REDUCED COST
THE 15-TH REDUCER COST
THE 16-TH REDUCED COST =
THE 17-TH REDUCED COST =
THE 18~TH REDUCED COST =
THE 19-TH REMUCED €OST =
TENIATIUELY THE
THE YRJ'S

-0.,00000D 00
-0,00000D 00
-0.000000 00
-0,00000D 00
-0.10000D 01
-0.10000D 0%
-0.10000D 01
-0,10000D 01
-0.10000D 01
-0,00000D 00
-0.000000 00
-0.00000D 00
-0.00000D 00
-0.00000D 00
-0,00000D 00
~0,00000D 00
-0,000001 00
-0 000000 00

~0,00000D 00

0.00000D 00
&-TH BASIC VARTABLE 1S LEAVING THE BASIS

( YR(S) = 0 IF THE J-TH UARIABLE IS IN THE RASIS.

IT CAN BE ZERU OTHERHICE TUO )
YR( 0 D 00

YR( = OOD 00
YR( 3) = -0.180410-15
YR( 4) = -0,44409D-13
YRC 3) = -0.,10000D 0%
YR(C 4r = -0.11789D 01
YRC 7) = 0.00000D 00
YR 8) = 0.00000D 00
YR( 9) =  -0.17888D 00
YR( 10} = 0.000000 00
YR( 11) = 0.11789D 01
YR( 12) = 0.00000D 00
YR( 13) = 0.00000D 00
YR( 14) = 0.00000D 00
YRO 15) = 0.00000D 00
YR( 1) = 0.00000D 00
YR( 17) = 0.00000B 00
YR( 18) = 000000 00

YR( 1 0.17888D 0

9) =
THE RATID OF THE NET PRICES TO THE NEGATIVE YRJ'S

THE RATIO

THE RATIO OF THE  6-TH NET FRICE TO YR(
THE RATIO OF THE  9-TH NET PRICE T0 YR( %)
THE  6-TH VARIAKLE 15 LEAVING THE RASIS.,
THE  &-TH VARIABLE 1S ENTERING THE BASIS.

16y 17y 1B
THE UALUES OF THE BASIC VARIABLES ARE NOW
XB( 0.22204D-15

THE KASIC VARIABLES ARE NOW
100 2» 129 1 14

XB( 2) = 0.347200 00
XB( 3= -0.13498D 01
XB{ 4) = -0.94205D 00
XB{ 9) = -0.15495D-14
XB( &) = 0.49892D 01
Bp tee
XB{ 9) = 0. 94% 2 0&
XB( 10) = -0,27178D

by

THE CURRENT VALUE OF THE DBJECTIUE FUNCTION =

THE REDUCED CC3T$

THE  1~TH REDUCED COST
THE  2-TH REBYCED COST
THE  3-TH REDUCED COST =
THE  A-TH REDUCED COST =
THE  5~TH REDUCED COST
THE  &-TH REDUCED COST
THE  7-TH REDUCED COST
THE  8-TH REPUCED COST

-0,00000D 00
'00 OOOD 00
0.13878D-15
0,27756D~15
=V 5174“ 00
~0.00000D 00
-0.10000D 01
-0.10000D 01

OF THE  5-TH NET PRICE 10 YR( 9)

8)

-0.10000D 01
-0,84826D 00
-0.55904D 01

)

-0.49892D 01




THE  9-TH REDUCED COST =
THE 10-TH REDUCED COST =
THE 11-TH REDUCED COST =
THE 12-TH REMWCED COST =
THE 13-TH REDUCED COST =
THE 14-TH REDUCED COST =
THE 15-TH REDUCED COST =
THE 146-TH REDUCED COST =
THE 17-TH REDUCED COST =
THE 18-TH REDUCED COST =
THE 19-TH RERUCED COST =

TENTATIVELY THE 10-TH BASIC VARIARLE IS LEAVING THE BASIS

THE YRJ'S

{ YR(J) = 0 IF THE J-TH VARIAKLE IS IN THE BASIS.

IT CAN BE ZERD OTHERWISE T100.)

YR 19) = -0,20475D 00
THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ‘S
3-TH MET PRICE TO YR( 3)
5-TH NET FRICE 70 YR( )
THE RATIO OF THE 19-TH NET PRICE TO YR( 19)

THE KATIO OF THE
THE RATIO OF THE

0.000001 00
0.00000R 00
~0.10000D 01
0,00000D 00
-0.12048D 01
0.000000 00
0.00000D 00
0.00000D 00
0.204750 00
0.00000D 00
0.000000 00
0,00000D 00
0.00000D 00
0.00000D 00
0,12048D 01
0.00000D 00
0,00000D 00
0.00000D 00

-0.84B26D 00
-0.00000D 00
-0.10000D 01
-0.00000D 00
-0.00000R 00
~0.00000D 00
-0.84826D 00
-0.00000D 00
-0.00000h 00
~0.00000D 00
-0.15174D 00

THE 10-TH VARIABLE 1S LEAVING THE BASIS.
THE  3-TH VARTABLE IS ENTERING THE BASIS,
THE BASIC VARIAELES ARE NOW

10, v 12y 13y 14 & 18 17
THE UALUESIOF THE BASIC VARIARLES ARE NOW

[T T I L L I I T I 1}

0.146610-15
0.34720D 00
-0.1346980 01
~0,94206D 00
~0.53118D-15
0.49892D 01
0.99783D 01
0.134980 01
0 94"06D 00

XB( 10) = 78D 01
THE CURRENT UALUE OF THE OBJECTIVE FUNCTION =

THE REDUCED C

THE 1-TH REDUCED €057 =
THE  2-TH REDUCED COST =
THE  3-TR REDUCED COST =

THE  4-TH REDUCED COST =

THE  S-TH REDUCED COST =
& T# REDUCED £0sY

7-
8-
THE 9-
0-
1-
2-

THE 19-TH R
TENTATIVELY THE
(J) = 0 IF THE J-TH VARIAELE IS IN THE PASIS.

os:

-TH REDUCED COST =
THE 13-TH REDUCED COST =
THE  14-TH REDUCED COST =
THE 15-TH REDUCED COST =
THE 14-TH REDUCED COST =
THE 17-TH REDUCER COST =
THE 18-~TH REDUCED COST =

THEYgRJ S

IT CAN BE ZERO OTHERWISE T00,)
YR( 1) = -0.13878D-16
YR(C 2) = 0.,00000D 00
YRC 3) = 0.00000D 00

-0.00000D 00
-0, 000000 00
-0.0 00
63680—15
-0 15174D 00
-0.00000
~0. 10000D Ol
‘00 D 1
-0.84826D 00
-0.00000D 00
~0,10000D 01
-0.00000D 00
-0,00000D 00
-0.000000 00
-0.848246D 00
-0.00000D 00
-0.00000D 00
-0.00000D 00

18y

~25.

w ihn

31

-0.49892D 01

EDUCED COST =  -0,15174D 00
3-TH BASIC VARIABLE IS LEAVING THE BASIS

0.13878D-15
-0.12595D0 00
-0.74107D 00




T

YR( 4) = 0.00000I 00

YR 5) = -0.A5263D 00

YR( &) = 0,00000D 00

YRC 7) = -0,10000D 01

YR(C 8) = 0,00000D 00

YR(C 9) = -0.34735D 00

YR( 10) = 0,00000D 00

YR( 11) = 0.00000D 00

YR( 12) = 0.00000D 00

YR( 13) = 0.00000D 00

YR( 14) = 0.00000D 00

YR( 15) = 0.65263D 00

YR( 16) = 0. 000000 00

YR( 17) = 0.00000D 00

YR( 18) = 0. OOOOOD 00

YR{ 19} = 0.34735D 00

THE RAT!D OF THE NET PRICES 10 THE NEGATIVE YRJ'S

THE RATIO OF THE S-TH NET PRICE TO YR( 3) -0,23249D 00

THE RATIO OF THE 7-TH NET PRICE 70 YR( 7)
THE RATIO OF THE  9-TH NET FRICE 10 YR( 9)
THE  3-TH VARIABLE IS LEAVING THE BASIS.
THE  S-TH VARIABLE IS ENTERING THE BASIS.
THE BASIC VARIABLES ARE NOW
b 16y 17y 18 Dy

100 22 5 13y 14
THE VALUES OF THE BASIC VARIABLES ARE NOW
XB( 1) 0,41977D 01

~0.10000D 01
~0.24421D 01

nan

XB( 2) = -0.35497D-0t
XB( 3) = 0.20988D 01
XB(C 4) = -0,494697D 00
XB( 5) = -0.68800D-15
XB( 6) = 0.32089D 01
XB( 7) = 0.564178D 01
YB( B) = 0.22204D-15
XR( = 0.4%6971 00
XB( 10) = 0.18921D 00
THE CURRENT VALUE OF THE OBJECTIVE FUNCTION = -0,53077Dh 01

THE REBUCED C€OSTS
THE  1-TH REDUCED COST
THE  2-TH REDUCED COST

-0,20817D-15
-0.00000D 00

THE  3-TH REDUCED COST -0,00000D 00 i
THE  4-TH REDUCED COST = 0.222040 13 ;
THE  5-TH REDUCED COST = -0.00000D 00 :
THE  6-TH REDUCED COST = -0.00000D 00

THE  7-TH REIUCER COST
THE  8-TH REDUCED COST

=0,76751D 00
-0.10000D 01

nH

THE  9-TH REIUCED COSY = -0.76751D 00
THE 10-TH REDUCED COST = -0,00000D 00
THE 11-TH REDUCED COST =  -0.10000D 01
THE 12-TH REDUCED COST =  -0.23249D 00
THE 13-TH REDUCED COST =  -0.00000D 00
THE 14-TH REDUCED COST =  -0.00000D 00
THE 13-TH REDUCED €COST = -0.10000D 01
THE 1&-TH REDUCED LOST = -0,00000D 00
THE 17-TH REDUCED COST = -0.00000D 00
THE 18-TH REDUCER COST =  -0,00000D 00
THE 19-TH REDUCED COST =  -0.,23249D 00
;ﬁgT?;S?gLY THE  4-TH BASIC VARIABLE IS LEAVING THE BASIS

{ YR(J) = 0 IF THE J-TH VARIABLE IS IN THE BASIS.
1T CAN BE ZERO OTHERWISE T00.)

YR¢ 1) = -0,1387BD-16
YR( 2) = 0,00000D 00
YR( 3) = 0.000000 00
YR(C 4) = -~0.66613D-15
YR( 9) = 0.00000D 00
YR( &) = 0.00000D

YRG 7) = 0.32493D 00
YR 8) = ~0,10000D 01
YRO 9) = ~0.67507D 00
YR( 10) = 0.00000D 00
YR( 11) = ' b 00
YR( 12) = -0,32493D 00
YR( 13) = 0. 00
YR( 14) = 0.00000D 00
R 19) = 0.000000 00
R( 16) = 0.00000D 00
YR( 17) = 0.00000D
YR( 18) = 0,00000D 00
YR( 19) = 0.675070 00

THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ'S

THE RATIO OF THE 8-TH NET PRICE TO YR( 8) =  -0.10000D Ot




YHE RMIO OF THE
RATIO OF THE 12-TH NET FRICE 10 YR( 12)

THE 4 IH VARIABLE IS LEAVING THE BASIS,
THE 12-TH VARIARLE IS ENTERING THE BASIS.

THE RASIC VARIABLES ARE NOW

1000 22 S 12y 14 b 16
THE VALUES OF THE BASIC VARIABLES ARE NOW

9
XR( 10) =

0.88846D 01

-0.46492D0 00

0.44423b 01
0.15295D 01

-0.863090-15

0.12210D 01
0,24420D 01
-0,15295D 01

0,55511D-16

-0,2434

9-TH NET PRICE TO YR( 9)

17y

ib 01
THE CURRENT VALUE OF THE GBJECTIVE FUNCTION =
THE REINCEDR COSTS

THE
THE
THE
THE
THE

e

1-TH RETUCED COST
-TH REDUCED COST
-TH REDUCED COST =
H REDUCED COST =

omuououu
U LA
xxTxx

REDUCED COST =
REDUCED COST =
REDUCED COST =
REDUCED COST =

H REDUCED COST =
10-TH REDUCED COST =
11-TR RELUCED COST =

12-TH REDUCED COST =

13-TH REIUCED COST =
14-TH REDUCED COST =
15-TH REDUCED COST =
16-TH REDUCED COST =
17-TH REDUCED COST =
18-TH REDUCED €OST =

THE 19-TH REDUCED COST = 715520 00

TENTATIVELY THE 10-TH BASIC VARIARLE 1S LEAVING THE BASIS

THE YRJ'S

( YR(J) = 0 IF THE J-TH VARTABLE IS IN THE RASIS.

IT CAN RE ZERD OTHERWISE T100,)
YR( 1) = 10000D 0

YR(
YR(
YR{
YR(
YR(
YR{
YR{
YR(
YR(
YR(
YR(
YR¢
YR{
YR(
YR{
YR{
YR(

0.00000D 00
0.00000D 00
=0,355278-14
0.00000D 00
0.00000D 00
0.00000D 00
-0.56810D 01
-0,46810D 01
0.00000D 00
0 000000 00
0.00000D 00
0.56810D 01
0.00000D 00
0.00000D 00
0.00000D 00
0,00000D 00
0, 000000 00

-0.12490D0-15
-0,00000D 00
-0,00000D 00
0.66813D-15
-0.00000D 00
-0.00000D 0?
-0,10000D 0
-0,28448D 00
-0,28448D 00
-0,00000D 00
-0.10000D 01
-0.000000 00
-0,71552B 00
-0,00000D 00
-0,10000D 01
-0,00000D 00
-0,00000D 00
-0.00000D 00

YR( 19) = 0.46810D 01
THE RATIO 0; THE NET PRICES T0 THE NEGATIVE YRJ'S

THE R

OF THE

1-TH NET P
THE RATIO OF THE  8-TH NET FRICE YO YR( 8)
ATIO0 OF THE  9-TH NET FRICE T0 YR( 9)

RICE TO YR(

THE R
THE 10-TH VARIARLE IS LEAVING THE RASIS,
THE  1-TH VARIABLE IS ENTERING THE BASIS,
THE BASIC VARIABLES ARE NOW

XB{

— N e

O LA P =

-0,464920 00
0.44423D 01
0.15295D 01

-0.863090-15
0.12210D 01
0.24420D 01

-0,15295D 01
0. 189560-16
0.2634

100 21 51 129 1y 16y 17 18y
THE VALUES OF THE BASIC VARIABLES ARE NOW
0.88845D 01

10 100
THE CURRENT VALUE OF THE OBJECIIUE FUNCTION =

o

~0,113690 01
-0.71552D 00

-0.12490D-13
-0.50076D-01
-0.60773D-01

-0,56433D 01




BT L pry v

-28-
THE RELUCED COSTS

THE  1-TH REDUCED COST =  -0.00000D 00
THE  2-TH REMUCED COST =  ~0.00000D 00
THE  3-TH REDUCER COST = 0.41433D-14
THE  A-TH REDUCED COST =  0.86613D-15
THE  S~TH REDUCED COST =  -~0.00000D 00
THE  &-TH REDUCED COST =  ~0.00000D 00
THE  7-TH REDUCED COST =  -0,10000D 01
THE  8-TH REDUCED COST =  -0.28448D 00
THE  9-TH REDUCED COST =  -0,2B448D 00
THE 10~TH REDUCED COSY =  ~0.00000D 00
THE 11-TH REDUCED COST =  -0,10000D 01
THE  12-TH REUCED COST =  ~-0.00000D 00
THE 13-TH REDUCED COST = -0.71552D 00
THE 14-TH REDUCED COST =  ~0.00000D 00
THE  15-TH REDUCED COST =  -0.10000D 01
THE  14~TH REDUCED €OST =  ~0.00000D

THE 17-TH REIUCED COSY = -0.00000D oo
THE 18-TH REDUCED COST =  -0,00000D 00
THE 19-TH REDUCER COST =  -0,71552D 00

TﬁgTA;jngY THE  8-TH BASIC VARIABLE IS LEAVING THE BASIS

{_YR(J) = 0 IF THE J-TH VARIABLE IS IN THE BASIS,
I CQN BE ZERU OTHERRISE T00,)
1 g OOOOOD 00

YR( 2 = 00D 00
YR(O 3) = 0.00000D 00
YRC 4) = -0,15543D-14
YR( S) = 0.00000D 00
YR( &) = 0,00000D 00
YRC 7) = -0.10000D 01
YRC 8) = -0,70774D 01
YRC 9} = -0.20774R 01
YR( 10) = 0,00000L 00
YR{ 11) = 0.000000 00
YR( 12) = 0.00000D 00
YR( 13) = 0.30776D 01
YR( 14) = 0.00000D 00
YR( 15) = 0,00000D 00
YR( 16} = 0.00000D 00
YR(O 17) = 0.00000D 00
YR( 18) = 0.000000 00
YR( 19) = 0.20776D 01

THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ'S
THE RATIO OF THE  7-TM NET PRICE TO YR( 7)
THE RATID OF THE  B-TH MET FRICE 10 YR( 8)
THE RATIO OF THE  9-TH NET PRICE TO YR( 9)
THE  8-TH VARIARLE 1S LEAVING THE RASIS,
THE  8-TH VARIABLE IS ENTERING THE BASIS.
THE BASIC VARTARLES ARE NOW
0r 20 5 120 14 & 160 B 18 1
THE VALUES OF THE BASIC VARIABLES ARE NOM
XB( 1 0.41977D 01

-0.100000 01
-0,92437D-01
-0.135693b 00

XB( 2) = -0,38497D-01
XB( 3 = 0.20988D 01
XB( 4) = 0,44409D-15
XB( 5)= -0, 688000~15
XR( 8) = 0.320890 01
XB( 7) = 0,64178D 01
YB{ 8) = 0 496970 00
XB( 9) = 0.99394D 00
XE( 10) = -0,18921D 00
THE CURRENT VALUE OF THE OBJECTIVE FUNCTION =  -0,58047D 01

THE REDUCED COSTS
THE  1-TH REDUCED COST = -0, OOOOOD 00
THE  2-TH REDUCED COST =  -0,00000D 00

THE  3-TH REDUCED COST = -0, 12490n—1s
B onmema
THE  &-TH REDUCED COST = -0, 000000 00
THE  7-TH REDUCED COST =  -0,90754D 00
THE  8-~TH REDUCED COST =  -~0,00000D 00
THE  9-TH REDUCED COST = *0 92437D-01
THE  10-TH REDUCED COST = 0.00000D 00
THE 11-TH REDUCED COST = -0 10000D 01
e rhmenen Saba
- = -0.100000 0
THE 14-TH REDUCED COST = 0000000 03
THE  15-TH REDUCED COST = -0 10000D 01
THE  18-TH REDUCED COST =  ~0,000000 00
THE 17-TH REDUCED COST = -0,92437D-0%
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THE 18-TH RENUCED COST = -0, OOOOOD 00

THE 19-TH REDUCED COST =  -0,90756D 00
}Egl?;nglY THE 10-TH BASIC VARIABLE IS LEAU!HG THE BASIS
H
{ YR{J) = 0 IF THE J-TH UARIABLE IS IN THE HASIS,
1T CAN BE ZERD OTHEKWISE 700.)
YR( 1) 0.00000

= b 00
YR 2) = 0.00000D 00
YR( J) = ~0.10000D 0%
YR( 4) = 0,46629D-14
YR(C 3) = 0.00000D 00
YR( 4) = 0.,00000D 00
YRC 7) = -0.18459D 01
YR( 8) = 0.,00000D 00
YR 9) = 0.84594p 00
YR{ 10) = 0.00000D 00
YR( 11) = 0,00000D 00
YR( 12) = 0.00000D 00
YR( 13) = 0,00000D 00
YR( 14) = 0.,00000D 00
YR( 15) = 0.00000D 00
YR({ 18) = 0,00000D 00
YR( 17) = 0.18439D 01
YR{ 18) = 0. OOOOOD 00
YR( 19) = -0.84594D 00
THE RATIO OF THE NET FRICES TD THE NEGATIVE YRJ'S
THE RATIO OF THE  3-TH NET PRICE TO YR( 3) =  -0,12490D-19
THE RATIO OF THE  7-TH NET PRICE T0 YR¢ 7) =  -0.49145D 00
THE RATIO OF THE 19-TH NET PRICE T0 YR( 19) = -0,10728D 0t
THE 10-TH VARIARLE IS LEAVING THE BASIS,
THE  3-TH VARIABLE IS ENTERING THE BASIS,
THE RASIC UARIABLES ARE NDH
10y 12y 8y 18y 3
THE VALUES DF THE BhSIC UARIABLES ARE NDU
XB( 1) = 0.419770 01
XB( 2) = -~0,34497D-01
XB( 3) = 0.,20%88P 01
XB( 4) = 0,402080-13
XB{ 5) = -0,69062D-1%
XB( &) = 0.32089D 01
XB( 7) = 0.441781 01
XR( 8) = 0.494970 00
XB( 9) = 0. 99394D 00
XB( 10) = 0.18921h 00
THE CURRENT VALUE OF THE OBJECTIUE FUNCTION = -0,58047D 01
THE REDUCED COSTS
THE  1-TH REDUCEB COST = 0.138780-16
THE  2-TH REDUCED COST = -0.000000 00
THE  3-TH REIUCER COST = -0.00000D 00
THE  4-TH REDUCED COST = 0,44409D~13
THE  S-TH REDUCED COST =  -0,00000R 00
THE  &-TH REDUCED COST = -0,00000D 00
THE  7-TH REDUCEDR COST = -0 90756D 00
THE  8-TH REDUCED COST = 000000 00
THE  9-TH REDUCED COST = -0 92437D°Ol
THE 10-TH REDUCED €OST = -0.00000D 00
THE 11-TH REDUCEDR COST = -0,10000D 01
THE 12-TH REDUCED COST =  -0.00000D 00
THE 13-TH RELUCED COST = -0,10000D Ot
THE 14-TH REBUCED COST =  -0.00000D 00
THE 15-TH REDUCED COST =  -0,10000D 01
THE 15-TH REDUCED COST =  -0.00000D 00
THE 17-TH REDUCED COST = -0.92437D-01
THE 18-TH REDUCED CosT = -0,00000D0 00

THE 19-TH REDUCED COST =  -0,90754D 00
}ﬁgranggtv THE  2-TH BASIC VARIABLE IS LEAVING THE BASIS

B e s 15 e
C
YR( 0.,00000D 00

1) =

| YRC 2) = 0.000000 00
: YRE 3) = 0.00000D 00
a YR( )= -0.10000D 03
; YR( )= 0,000000 00
, YR &) = 0,000000 00
. VRO 7) = 0,280110 00
: YRC 8) = 0,000000 00
- YR( 9) = -0.28011D 00
| YR( 10) = 0,00000D 00
p YRO 1) = 0.000000 00
| YR( 12) = 0,000000 00
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YR( 13) = 0,00000D 00
YR( 14) = 0,00000D 00
YR( 15) = 0.00000D 00
YR( 18) = 0,00000D 00
3 YR( 17) = -0.28011D 00
YR( 18) = 0.00000D 00
! YR( 19) = 0.28011D 00
| THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ'S
' THE RATIO OF THE  A-TH NET PRICE TO YR( 4) =  0.44409D-15
THE RATIO OF THE  9-TH NET PRICE TO YR(C 9) =  -0.33000D 00
THE RATIO OF THE 17-TH NET PRICE TO YR¢ 17) =  -0.33000D 00
: THE  2-TH VARIAELE IS LEAVING THE BASIS,
- THE  4-TH VARIABLE IS EN!ER!NG THE BASIS.
THE BASIC VARTARLES ARE
10 4 5 12, 141 &1 16¢ Bs 180 B
THE VALUES OF THE RASIC VARIABLES ARE NOW
3 XR( 1) = 0.41977D 01
4 XB( 2) = 0.34497D-01
XB( 3) = 0,20988D 0}
XB( 4) = 0,26962D-15
XB{ 5) =  ~0.70483D-1
XB( &) = 0,32089D o
XB{ 7) = 0.64178D O1
YB( 8) = o.49s97n 00
( 9 = 3 4D 00
10) = o 189210 00
. THE cuaszu1 VALUE OF THE ORJECTIVE FUNCTION =  -0.58047D 01
THE REDUCED €0STS
] THE  1-TH REDUCED COST =  0.27756D-1¢
THE  2-TH REDUCED COST =  -0,22204D-1S
THE  3-TH REDUCED COST =  -0.00000D 00
THE  4-TH REDUCED COST =  -0.00000D 00
: THE  5-TH REDUCED COST =  -0.00000D 00
] THE  &-TH REDUCED COST = -0.00000D 00
' THE  7-TH RELUCED COST =  -0.90754D 00
, THE  8-TH REDUCED COST =  -0.00000D 00
1 THE  9-TH RELUCED COST =  -0.,92437D-0% ,
i THE 10-TH REDUCED COST =  -0,00000D 00
THE 11-TH REDUCED COST =  -0,10000n 0f
THE 12-TH REDUCED COST =  -0.00000D 00 !
THE 13-TH REDUCED COST =  -0.10000D 01
THE 13-TH REBUCED COST =  -0.00000D 00
1 THE 15-TH REBUCED COST =  -0.10000D 01
1 THE 16-TH REDUCED COST = -0.00000D 00
! THE 17-TH REDUCED COST =  -0.92437D-01
THE 18-TH REDUCED €OST =  -0.00000D 00
3 THE 19-TH REDUCED COST =  -0.90756D 00
F THE CURRENT BASIC SOLUTION 1S FEASIBLE AND HENCE OPTINAL.
. THE NONZERD VARTABLES ARE AS FOLLOWS!
X(10) = 0.41977D 01
X( 4) = o 36497001
X( 5} = 0.20988D 01
X(12) = 0,26962D-15
X¢ 14) = -0.70483D-15
X( é) = 0.32089D 01 '
X( 16) = 0.44178D 01
X( 8) = 0.49497D 00
X(18) = 0.99394D 00
X( 3= 0.18921D 00

THE OFTIMAL VALUE OF THE OBJECTIVE FUNCTION IS  -0.58047D 01
SUFPLEMENTAL INFORMATION FROM THE MINI-MONTE CARLO STUDY

THE GENERATED N(0s1) EPSILONS  SANPLE NUMRER = 1 i
-0,37319 ;
0.7l

0.10940

0.29791
THE PRDBLEH P2 HQS BEEN SELECTED
THE INVERSE OF XTX
0 810299 -0.1684%7
497 0.046521
VALUE OF BETRO 10 CUHPUTE RHS
1594250 136933

THE RHSv YHXBy FOR P! OR P2
0.087696
-0.244174
0.226595
-0.039891
-0.010226

1

1* : 1
é.l._. -l




f 1) = -0.54988D 00
@ xa( 2) = -0.46335D-01
! XBL 3) = -0.28494D 00
XBC 4) = 0.80279D-14
f XB{ 5) = 0.48323D-1%
XRC 8) = 0,54175D 00
| XB( 7) = 0.10835D Of
XB( e) = 0.10662D 00
XB( 9) = 0,21323D 00
XB( 1o) = 0,42493D 00

THE lNlTlﬁl VALUES OF THE BASIC VARTARLES

THE INITIAL VALUE OF THE DBJECTIVE FUNCTION =

{ THE REDUCED COSTS
THE  1-TH REDUCER COST =
THE  2-TH REDUCED COST =
THE  3-TH REMUCED COST =
THE  4-TH REDUCED COST =
THE  5-TH REDUCED COST =
THE  6-TH REMUCED COST =
i THE  7-TH REDUCED COST
8-TH REDUCED COST
! THE  9-TR REDUCED COST =
THE  10-TH REDUCED COST =
THE 11-TH REDUCER COST =
THE 12-TH REDUCED COST =
THE 13-TH REDUCED COST =
THE 14-TH REDUCED COST =
THE 15-TH REDUCED COST =
THE 16-TH REDUCED COST =
THE 17-TH REDUCED COST =
THE 18-TH REDUCED COST =
! THE 19-TH REDUCED COST =
TENTATIVELY THE
THE YRJ’S

17 CA#R?E ZERO OTHERWISE 700.)

1) = 0,00000D 00
YR{ 2) = 0.22204D-15
YR( 3) = 0,00000D 00
YR(C 4) = 0,000000 00
YR( 5) = 0.00000D0 00
YR( &) = 0.00000D 00
YRC 7} = -0.30444D 01
YR( 8) = 0.00000D 00
YR( 9) = 0.10644D 01
YR( 10) = 000000 00
YR( 11) = .
YR( 12) = 0,00000D 00
YR( 13) = 0.00000D 00
YR{ 14) = 0.00000D 00
YR( 15) = -0,10000D 01
YR( 18) = 0.00000D 00
YR( 17) = 0 306440 01
YR( 18) = 0.00000D 00
YR( 19) = -0, 106440 o1

THE RATIO OF THE

THE 7-
THE BASIC VARIARLES ARE NOW
D & S 12y 14

THE  3-TH REDUCED €OST =
THE  4-TH REDUCED COST =
THE  5-TH REDUCED COST =

0.27756D-18
-0,22204D-13
-0.00000D 00
-0,00000D 00
-0.00000D 00
-0,90756D 00
-0.00000D 00
-0,92437D-01
-0,00000D 00
-0,10000D 01
-0.000000 00

D 01

+

+000000 00
-0,10000D 01
~0.00000D 00
-0,92437D-01
-0.00000D 00
-0,90756D 00

THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ
7-TH NET PRICE TO YR(
THE RATIO OF THE 15-TH NET PRICE 7O YR(
THE RATIO OF THE 19-TH NET PRICE T0 YR(
THE  1-TH VARIABLE IS LEAVING THE RASIS.
TH VARIABLE IS ENTERING THE BASIS.

16y B 18y
THE VALUES OF THE BPASIC VARIABLES ARE NOW

-0.34082D-15
-0,22204D-1%
-0.00000D 00
-0.00000D 00
-0 .000000 00

B 1) = 0.185%60 00
XB( 2) = -0,14245D-01
XB( 3 = 0.27756D-16
XB( 4) = 0.37193D 00
XB( 35) = 0.86648D-17
XB( §) = 0,30009D 00
XB( 7) = 0.60009D 00
XB( 8) = 0.45190D-01
R
THE CURRENT VALUE OF THE OBJECTIVE FUNCTION =
THE REDUCED COSTS
THE  1-TH REDUCED CDST =
THE  2-TH REDUCED COST =

J
1
1

-0,36343b 00

1-TH BASIC VARIABLE IS LEAVING THE BASIS
( YR(JD) =0 IF THE J-TH VARIARLE IS IN THE BASIS.

-0.29616D 00
-0,10000D 01
-0,852630 00

-0,53220D 00




4-TH REDUCED COST = ~0.00000D 00
THE  7-TH REDUCED COST = ~0,00000D 00
8-TH REDUCED COST = -0.00000D 00
9-TH RENUCER COST = -0.40748D 00
THE 10-TH REDUCED COST =  -0,29616D 00
THE 11-TH REDUCER COST = -0.10000D 01
‘ THE 12-TH REDUCED COST =  -0.00000D 00
! THE 13-TH REDUCED €OST = -0.10000D 01
THE 14-TH REDUCED COST = -0,00000D 00
THE 13-TH REDUCED COST = -0.70384D 00
THE 16-TH REDUCED COST =  -0.00000B 00
THE 17-TH REDUCED €OST = -0,10000D 01
{ THE 18-TH REDUCED COST =  -0.00000D 00
THE 19-TH REDUCED €OST =  -0.59232D 00
TEETATIUELY THE  2-TH BASIC VARIABLE IS LEAVING THE BASIS
THE YRJ'S
{_ YR(J) = 0 IF THE J-TH UARIABLE IS IN THE BASIS,
IT CAN BE ZERD OTHERWISE T00.)
1) = -0.13878D-16
-0,10000D 01
0.,00000D 00
0.00000D 00
0.00000D 00
0.00000D 00

0.00000D 00
0.00000D 00
0.18282D 00
-0.914080-01
0.00000D 00
0.00000D 00
0.00000D 00
0.00000D 00
0.914081-01
0.00000D 00
0,00000D 00
0.00000D 00

YR( 19) = -0.18282D 00

THE RATIO OF THE NET PRICES TO THE NEGATIVE YRJ'S
THE RATIO OF THE  2-TH NET FRICE TO YR( 2)
THE RATIO OF THE 10-TH NET FRICE TO YR( 10)
THE RATIC OF THE 19-TH NET FRICE T0 YR( 19}

THE  2-TH VARIABLE IS LEAVING THE RASIS.

THE  2-TH VARIABLE IS ENTERING THE BASIS.

THE BASIC UARIABLES ARE NOW

-
"

-
2
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~0,22204D-13
~0,32400D 01
~0.32400D 01

7 Sy 125 s b 8 18 3

| THE VALDES 02 THE Basta abTABLED, ARE NOW
| XB( 1) = 0.18596 00
‘ XB 2) = 0.142450-01

XB( 3 = 0.38305D-16

XB( &) = 0.37193D 00

XB{ S) = 0.1B154D-16

XB( 8 =  0.30005 00

XBU 7) = 0.50009D 00
i XB( 8) = 0.46190D-01

XBU 9) = 0.923800-01
d XB( 10) = 0.83451D-01
THE CURRENT VALUE OF THE OBJECTIVE FUNCTION =  -0,53220D 00

THE REDUCED COSTS
THE . 1-TH REDUCED COST =  -0.31919D-15

THE  2-TH REDUCED COST =  -0.00000D 00

THE  3-TH REDUCED COST =  -0.00000D 00
g THE  A-TH REDUCED COST =  -0.00000D 00
a THE  S-TH REDUCED COST =  -0.00000D 00
! THE  4-TH REDUCED COST =  -0,00000D 00
THE  7-TH REDUCED COST =  -0.00000D 00
] THE  B8-TH REDUCED COST =  -0.00000D 00
THE  9-TH REDUCED COST =  -0.40768D 00
THE 10-TH REDUCED COST =  -0.29414D 00
ME - REDUCED COST =  -0.10000D 01
THE 12-TH REDUCED COST =  -0.00000D 00
THE i -TH REDUCED COST =  -0,10000n 01
THE 14-TH REDUCED COST =  -0.00000D 00
THE 15-TH REDUCED COST =  -0.70384D 00
THE 16-TH REDUCED COST =  -0,00000D 00
THE 17-TH REDUCED COST =  -0,10000D 01
THE 18-TH REDUCED COST =  -0.00000D 00
THE 19-TH REDUCED COST = -0,59232D 00
THE CURRENT BASIC SOLUTION IS FEASIBLE AND HENCE OPTINAL.
THE NONZERD VARIABLES ARE AS FOLLOMSS
X( 7)=  0,18594D 00
Xt 2= 0.14245D-01




i Xt 5)
X( 12)
i X( 14

' X(

X( 16)
X{
Xt 18)
X 3
THE OPTINAL VALUE OF THE OBJECTIVE FUMCTION IS

6)

LU T RTINS T I )

0.38305D-14
0.372193D 00
0.18154D-14
0.,30005D 00
0.60009D 00
0,46190D-01
0.92380D-01
0.83651D-01
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-0,53220D 00

SUPFLEMENTAL INFORMATION FROM THE MINI-NONVE CARLO STUDY

1,51357
THE PRORLEM P1 HAS BEEN SELECTED

0.59391

THE GENERATED N(0»1) EFSILONS
0.87419

THE INVERSE OF XTX
0.810298

-0,168477 0.046521
VALUE OF EETAO TO COMPUTE RHS

-0.168497

SAMPLE NUMBER =

0.216974 0.113998
THE RHS» YHXR» FOR P1 DR P2
-0,531540
-0.154642
0.911404
0.320132
-0.545353
THE INITIAL VALUES OF THE BASIC VARIABLES
XB( 1) = 0.14477D 01
YR{ 2) = 0.252520-02
XB( 3) = -0.19987D-13
XBt 4) = 0.289550 01
XB( 5) = -0,13871D-15
XB( 4) =  -0.37899D 00
XBO 7y = -0,75799D 00
XB( 8) =  -0.86256D 00
XB( = -0 172510 01

THE

1-TH REDUCED COST =
2-TH RERUCED €OST =
3-TH RERUCEDR COST =
4-TH REDUCED COST =

5-TH REDUCED COST =
6-TH REDUCED €OST =

1
1
1

7
8
9-
0
1
2

-TH REIUCED COST =
-TH REDUCED COST =

TH REDUCED COST =

-TH REDUCED COST =
-TH REDUCED COST =
-TH REDUCED COST =

13-TH REDUCED COST =
14-TH REDUCED COST =
15-TH
16-TH REDUCED COST =
17-TH REDUCED COST =
18-TH REDUCED £0sT =

{_ YR(J) =
1T CAN BE ZERD DTHERUISE 700

RE

DUCED COST =

XR{ 00
THE INITIAL UALUE UF THE UBJECTIUE FUNCTION =
THE REDUCED CDSTS

-0.31919B~15
-0.00000D 00
-0.00000R 00
-0,00000D 00
-0,00000D 00

-0,00000D 00
-0,40768D 00
-0.29616D 00
-0.10000D 01
+00000D 60
-0,10000D 01
-0.00000D 00
-0,70384B 00
-0,00000D 00
-0.10000D 01
-0, 000000 00

-0,206190 00

19-TH RETUCED COS -0,592320 00
TE?T?;iV&LY THE 9 TH BASIC UARIABLE IS LEAVING THE BASIS

F THE J-TH VﬁRIABLE IS IN THE BASIS.,

9D-15
0.00000B 00
0.000000 00
0,22204D-15
0.00000D 00
0,00000D 00
0,000000 00
0,00000D 00

0,157590 01
0.212070 00

3006008 &8

-0.10000D 01
0.00000D 00
-0.21207D 00
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THE VA%?ES OF THE BASIC VgRl?gLES ARt NOW

1) = -0.41
XB( 2) = 0. 56469D -01
XB( 3) = 0.739580 00
XB( 4) = 0.34514D 01
XB( 3) = 0.18851D 00
XB{ 6) = 0.173081 01
XB( 7) = 0,269200~14
XB( B) = 0.942540-01
XB{ 9) = 0,14792D 01

XB(

10) 0.38392D 00

THE CURRENT VALUE OF THE ORJECTIVE FUNCT.ON =
THE R%UUCEB €05TS

THE

THE
THE
THE

THE 16-TH REDUCED COST

THE
THE
THE

1-TH REDUCED COST =
2-TH REBUCED COST =
3-TH REMUCED COST =
4-TH REDUCED COST =
S-TH REDUCER COST =
&-TH REBUCED COST =
7-TH REDUCER COST =

10-TH REDUCED COST
11-TR REDUCER COST
12-TH REDUCED COST
13-TH REBUCED €OST
14-TH REDUCED COST
15~TH REDUCED CDSY
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19-TH REOUCED COST =

-0,11241D-14
-0.000000 00
-0,00000D 00
-0,44409D~15
-0.00000D 00
-0.00000D 00
-0.000000 00
-0.000000 00
-0.00000D 00
-0,00000D 00
~0,100000 01
-0.778710 00
-0.00000D 00
-0.72129D 00
~0,100000 01
-0.00000D 00
=0,221291 0D
-0,10000D 01
-0,278711 00

-34-

-0.25646D 01

THE CURRENT BASIC SOLUTION IS FEASIBLE AND MENCE OPTINAL,

THE NDNZ’RQ(VQ;;RBLES ARE AS FOLLOWS:

= ~0.41633D-15
X( 2) = 0.564690-01
X 9) = 0.73958D Q0
X( 16) = 0.34616D 01
X(13) = 0.18851D 00
X( )= 0.17308D 01
Xt 9) = 0.269200-16
X( 8) = 0.94254D0-01
X( 10) = 0.14792D 01

X 3
THE OPTINAL VALUE OF THE ORJECTIVE FUNCTION IS

0,38392D 00

-0,25£46D 01

SUPPLEMENTAL INFORMATION FROM THE MINI-MONTE CARLD STUDY
SANFLE NUHEER = 20

THE GENERATED N(0»3) EFSILONS
0.41901

-1,86441
THE PROBLEN P2 HAS BEEN SELECTED

-0,48994
-1,15302
-0.015%90

THE INVERSE OF XTX

(/95 CONTINUE 0)

0.£10298 -0,168497
-0,168497 0,048521
VALUE nr rcmo TO CONPUTE RHS
0.178028  -0,209520
THE RHSs YHXBy FOR P1 OR P2
0,475645
-0.259401
: -0,698296
: R
P-
4 THE INITIAL VALUES OF THE BASIC VARIABLES
’ WBO 1) = -0.171310-15
; XB( 2) = -0.46271D-01
XB( 3)=  0.12899 01
XB( 4) = -0,10196D 01
: ;w: S) = o.29gggn 0(1)
= 1]
? I 11 B
' XB( 8) =  0,14823D 01
: xn( g) = o 2599711 og
¥
: THE INITIAL vawe ur me omcnvs FUNCTION = -0,22724D 01
THE REDUCED C
¥ THE -ru REWCEII COST = -0,11241D-14
3 THE  2-TH REDUCED COST = -0,00000D 00

s Y
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THE  3-TH REPUCED COST = -0.00000D 00
THE  A-TH REDUCED COST = -0,44409D-15
THE  5-TH REDUCED COST = -0,00000D 00
THE  6~TH REDUCED €OST = -0.000000 00
THE  7-TH REDUCED COST = -0.00000D 00
THE  8-TH REDUCED COST =  -0.G0G0OD 00
THE  9-TH REDUCED €OST = -0.060000D 00
THE 10-TH REDUCED COST = -0.00000D 00
THE 11-TH REDUCED COST =  -0.10000D 01
THE 12-TH REDUCED COST =  -0.77871D 00
THE 13-TH REMWCED COST =  -0.00000 00
THE 14-TH REDUCED COST = -0.72129D 00
THE 13-TH REDUCED €OST = -0.,10000D 01
THE  14-TH REDUCED COST = -0,00000D 00
THE 17-TH REDUCED COST = -0,22129D 00
THE 18 TH REDUCED COST = -0, lOOOOD 01
THE 19-TH RELUCED COST = -0,27871D 00
;ﬁg??giU&LY THE  4-TH BASIC VARTARLE™ IS LEAVING THE BASIS

{ YR(J) = 0 IF THE J-TH VARIABLE IS IN THE RASIS,
T can%E %gRU OTHEEHISE 100,)

= 48D-15
YR( 2) = 0.00000D 00
YR( 3) = 0.000000 00
YR( 4) = -0,11102D-14
YRU 5) = 0.00000D 00
YR( 6) = 0.000000 00
YR( 7) = 0.00000D 00
YR( B) = 0.00000B 00
YRE ) = 0.000000 00
YR{ 10) = 0.00000D 00
YR( 11) = -0,10000D 01
YR( 12) = 0.129970 01
YR( 13) = 0.00000D 00
YR( 14) = -0,29972D 00
YR 15) = 0.00000D 00
YR( 16) = 0.00000L 00
YR( 17) = -0,129971 01
YR( 18) = 0.00000D 00

YR( 19) = 299720 00
THE RATIO OF THE NET FRICES TO THE NEGATIVE YRJ'S
THE RATI0 OF THE 11-TH NET FRICE T0 YR( 11)
THE RATIO OF THE 14-TH NET PRICE 70 YR( 14)
THE RATIO OF THE 17-TH NET FRICE T0 YR( 17}
THE  4-TH VARIABLE IS LEAVING THE FASIS,
THE 17-TH VARIABLE IS ENTERING THE RASIS.
THE BASIC VARIAKLES ARE NOW
r 2 S i 1L by 9 By 100 Dy
THE UA%?ESIUF THE BASIC UA%ISELES ARE NOW

-0,100000 01
-0.24045I 01
-0.170250 00

[

= 0.3922
XB( 2) = 0.436000-01
XB{ 3) = 0.5698840 00
XB( 4) = 0.784480 00
XBlL 9 = 0.27098D 01
XB( &) = -0,111020-15
XB{ 7) = 0,72940D-16
XB( 9) = 0.13549D 01
XB( = 0.135770 01
XB( 10) = -0,17438D 00
THE CURRENT VALUE OF THE ORJECTIVE FUNCTION =  -0,24440D 01
THE REDUCED COSTS
THE  1-TH REDUCED COST = -0.99920R-13
THE  2-TH REDUCED €OST =  -0.00000D 00
THE  3-TH REDUCED COST = -0,000008 00
THE  4-TH REDUCED COST = -0.,00000D 00
THE  5-TH REDUCED COST = ~0.00000D 00
THE  6-TH REMUCED COST = -0,00000D 00
THE  7-TH REDUCED COST = -0.000000 00
THE  B-TH REDUCED COST = -0.00000D 00
THE  9-TH REDUCED COST = -0.,00000D 00
THE 10-TH REDUCED €85T = -0,00000D 00
THE 11-TH REDUCED COST =  -0.82974D 00
THE 12-TH REDUCED COST = ~0.100001 01
THE 13-TH REDUCED COST =  ~0.00000D 00
THE 14-TH REIUCED COST = ~0.67026D 00
THE 15-TH REDUCED COST = -0.10000D 01

THE 14-TH REDUCER COST = -0,17026D 00
TﬂE 17-¥H REDUCED COS{ = ~-0,00000D 00
THE 18-TH REDUCED COST = -0 IOOOOD 01
THE 19-TH REDUCED COST = 32974D 00
TENTATIVELY THE 10-TH RASIC UﬂRIABLE 15 LEAVING THE RASIS
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THE YRJ'S
(_ YR(J) = 0 IF THE J-TH VARIABLE 1S IN THE B4SIS,
IT CAN BE 2ERD OTHERWISE 700.)
YRC 1) = -0.10000D 01
YR( 2) = 0.00000D 00
- YR( 3) = 0,00000D 00
‘ YR( 4) = 0.666130-15
YR( 9) = 0.00000D 00
YR{ 6) = 0.00000D 00
YR( 7) = 0.00000D 00
YR( B) = 0.00000D 00
YR(C 9) = 0.000000 00
YR( 10) = 0.00000D 00
| YR¢ 11) = 0.710130 00
3 YR( 12) = 0.18041D-15
4 YR( 1) = 0.00000D 00
YR{ 14) = -0,21013D 00
YR{ 19) = 0.00000D 00
YR( 16) = -0,71013D 00
YR( 17) = 0.00000D 00
YR{ 18) = 0. 000000 00

19) = 0.21013D 00
THE RATIO OF THE NET FRICES T0 THE NEGATIVE YRJ'S
THE RATIO OF THE  1-TH NET FRICE 70 YR( 1)
THE RATIO OF THE 14-TH NET PRICE 10 YR( 14)

-0.99920B-15
-6,318970 01

THE RATIO OF THE 14-TH NET PRICE 10 YR( 1&) -0,23976D 00
THE 10-TH VARIABLE IS LEAVING THE ERASIS,
; THE 1-TH VARIABLE IS ENTERING THE BASIS,
o THE BASIC VARIABLES ARE NOW
Tr 22 5 1 13y & 9 8 10y 1,
THE VALUES OF THE BASIC VARIAKLES ARE MOW
XB( 1) = 0.39224D 00
’ XB( 2) = 0.4356000-01
XB( J) = 0.69884D 00
XB{ 4) = 0.78448D 00
B( 5) = 0.27098D 01
XB( 6) = -0.12796D-15
1 XR( ) = 0.85041D-14
- XB( 8) = 0.13549D 01
XB( 9) = 0.139770 01
XR( 10) = 0,17438D 00
THE CUSRENT VALUE OF THE ORJECTIVE FUNCTION =  -0.24440D 0t
THE REDUCED COSTS
THE  1-TH REDUCED COST = -0,00000D 00
THE  2-TH REIMICED COST = -0,000000 00
THE  3-TH REDUCED COST = -0,124900-15
THE  A-TH REDUCED COST = ~0.00000D 00
: THE  S-TH REIUCED COST = -0,00000D 00
' THE  &-TH REDUCED COST = -0,000001 00
THE  7-TH REDUCED COST = -0.,000001 00
THE  8-TH RERUCED COST = -0,00060D 00
THE  9-TH REDUCER €OST = -0,000000 00
THE 10-TH REMUCED COST =  -0,00000D 00
l THE 11-TH REDWCED COST =  -0.82974D 00
THE 12-TH REDUCED COST = -0.10000D 01
THE 13-TH REIUCED COST =  -0.000000 00
‘ THE 14-TH REDUCED COST = -0.67024D 00
THE 15-TH REDUCED COST =  -0.10000D 01

THE 16-TH REDUCED COST -0.170261 00

THE 17-TH REDUCED COST -0,00000D 00

THE 18-TH REDUCED COST = -0.10000D 01

THE 19-TH REDUCED COST = -0.32974D 00
THE CURRENT BASIC SOLUTION IS FEASIBLE AND HENCE OFTIMAL.
THE NONZERD VARTABLES ARE AS FOLLOWS:

X 2= 0.392240 00
: X 2) = 43600101
{ Xt 9= 0.698860 00
X(17) = 0.784480 00
3 13) = 0.270980 01
X( 8) = -0,12796B-15
X 9= 0.85041D0-16
X( 8) = 0.135490 01
X( 10) = 0.1 39770 01 P
X 1) = 174380 00 l
THE OPTINAL VALUE OF THE ORJECTIVE FUNCTION IS ~0,24440D 01

THE AUXILIARY LEAST SOUARES ESTIMATEs BETAC) OF THE REGRESSION PARAMETER VECTOR» RETA
LEAST SQUARES ESTIMATE OF BETA( 1) =

LEAST SOUARES ESTIMATE OF BETA( 2) = ~1 159747
MRS, A’S ANSWER $ THE ESTINATE OF THE REGRESSION FARAMETER VECTOR WHICH MINIMIZES THE SUM OF THE ARSOLUTE RESIDUALS!

) :'\ . ! ’ o
2 ‘-’_}' ,! [ S s




-37-
L1 ESTIMATE OF BETA( 1) = 3416213
L1 ESTINATE OF BETAL 2) = -1,123249
THE RESIDUALS» R(I)+1=1,NOBS
2,098826
3,208877
0.000000
0.496969
, 0,600000
' THE SUM_OF THE ARSOLUTE RESIDUALS = 3.804472
THE RAVINON ABSOLUTE RESIDOAL < 1208877
AUXILIARY RESULTS OF THE KINI-NONTE CARLO STUDY
VALUES OF DELTA BETA STAR
! SAMPLE NUKBER = 1  -0.51060  0.12269
SANPLE NUMEER = 2 0,63765  -0.02243
SANPLE NUMBER = 3 0.94741  -0,45843
SAMPLE NUMBER = 4 0,05573  -0.14477
SANPLE NUNEER = 5 -0.08930 -0.16773
SAMPLE NUNRER = &  -1.10382  0.22395
SANPLE NUKRER = 7 -0.86781  -0.04935
‘ SAMPLE NUNRER = 8  -1,24035  0.54421
4 SAPLE NUHEER = 9 0.44742  0.24662
SAMPLE NUMPER = 10 -1,03440  0,34400
SAHPLE NUMEER = 11 0.83504  0.01230
SANPLE NUMHER = 12 0.32935  -0,04047
SAMPLE NUHRER = 13 -1.27719  0.2745
SAMPLE NUNBER = 14 -0.58869  0.33108
| SAMPLE NUKRER = 15 -0.04885  0.14684
2 SAMPLE NUNBER = 15 0.98576  -0.03155
CAMPLE NUMRER = 17 -1.01383  0.0453%
SAMPLE NUMBER = 18 1.70310  -0.28731
‘ SHPLE NUKRER = 19 037732 -0.04008
SAMPLE NUMBER = 20 0,00365  -0,25312
ESTINATED COVARIANCE OF DELTA BETA STAR
0.774642 -0, L4E4S0
-0,148480 0,063
U OF THE OFYINAL DROECTIVE FUNCTIONS OUER ALL SOVPLES = 42.526882
AUXILIARY RESULT! SIGHA HAT 5 = 2425026
WAIN RESULTS OF THE HIKI-NONTE CARLO STUDY
ESTINATED VALUE OF SIGKA (SIGHA HAT 4) = 2,292353
EZTINATED COVARIANCE OF ‘TUE REGRESLION PARANETER VECTOR (BETA) USING THIS ESTINATE OF SIGH:
4433552 -0,549803
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HATHOOD1

#RS.A HATNO002
RAINOO03

HINIMIZES SUM OF ARSOLUTE RESIDUALS, npwnmooh
AIH000S

THIS PROGRAM ESTIMATES A LINEAR REGRESSION RY RININIZING NATNCGOG
THE SUN OF THE ARSOLUTE RESIDUALS - L1 ESTIHATION, HAINGOO7
NAINGOCS

HAINDOO9

L1 ESTINATICN MATNGO10
HATNGO11

ﬁxﬁm PROGRAM USES THE DUAL SINFLEX ALGORITHM TD INMPLENENT KAINGO12
THE L1 ESTIMATION PROCEDURE QUTLINED' IN THE PAPERS HATHG013
HASTLEY AL SIELAEN *THO LINEAR PROGRAMNING ALGORITHMS MAINGO14
FO5 UNBIASED ESTIMATION OF LINEAR HOLELS® HAINGO1S
1973, 2ASAy VOL 88y NOL 343y FAGES 837-541, NATHOO16
RAINGOL7

MAINGO1G

THE VARIANCE OF THIS UNRIASED L1 ESTIMATOR IS ESTIMATED MATHODLY
USING A MINT HONTE CARLO APFROACH. BAINOD20
THE SU% OF THE ARSOLUTE RESIDUALS, R{I)y IS MINIHIZED SURJECT TOMAINGC21L
-k JLE. Y-XE .LE. R HATNOO2D
HRZSTRICTED MATNO023

5. 04 HAINGO24
MAINGORS

ArINGO2S

Y = fi VECTOR OF NOBS ORSERVATIOHS HAIND02?

X = & NOBS BY IP HATRIY OF COMSTANTS MATH0O28

k= AN IP BY 1 VECTOR OF UNKNOWN FRRAMETERS, HAINOG29
ARINO030

HAINOOIL

HAINOO32

THE TUAL SIMPLEX ALGORITHM MAINOO3IZ
NAINOOI4

THE LINEAR PROGRAKMING PROELEM 1S PUT INTC THE FORM MAINOOIS
kA _CX HAINOOZS
SUBRJECT T0 HAINOOZY
AX = HRHS MATNG0ZS

% GREATER THAN OR EGUAL 70 0 HAINOOIY
WHERE Wi INOQ40
xpazomb_

ERHS IS A COLUMMN OF CONSTAMTS
A 1S AH H-BY-N BATRIX OF CONSTANTS

*EsnND

TrE AoInINTED VERSI0NS OF ¢ 1

ArBEHE) By ARE REFERRED TO pm
AL ERESTY BRI XKBL AND YL mmmmmqu LY.

3
o

THE mowﬁcmmum PROCETURE WAS DEVELOPED RY
N \
JuB, moormw
B0, BARTLEY
gL, SICLCE, SR,
IMSTITUTE OF STRTISTILS
TErAD Afn UHIVERSTTY
[CLLEGE STATIONS TEXAS 778

THOUIRIES AND' COMMENTS SHOULD BY ADDRESSED TO

ngmrza L SIELREN, JR,

THE OFFICE

.,.\ —fa

THDOSUREDRT OF

0F HAYAL SESEARTYH IS GRATEFL

.

MMOOJU

3:Hzoen
HATHOGS
HaIN00SS
HATNOOS?

o

-
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ACKNOWLEDGED

IMNFLICIT REALS (A-H,0-2)

ILIHENSTON C(8G)oERHS1(41)A1(41+B0)y INBASE(40)
DIRENSION LELTA(10) sWT(20), TITLE(DD)

BIAENSTON XB1(41)9Y1(41)REDCOS(BO)»ISTAT(BO)»YR(BO)
ITHERSION XBINT(BO) +ESTAR(20)LELE(105100)1CAPB1(10)+CAPE2(10)
LIMENSICH DEX{BO)sVARR(10,10)»VARDES(10510)+SUKI10)
DIRENSICH X(20910))Y(20) IB1410) 4 DRZ(10) o DEETAQ(10)
DIXERSION BHAT(10)»BETAO(10)

ConnDn/XTXTH/XTZ(41441)
CONAGH/TURITE/ TURITLy TWRIT2y IWRI T3 INRIT4» TURI TS INRITS
LN/ NFESO/NSEED

ndl/JCONST/ITERAY ITIF/HPL, IPIF2

JDURLE FRECISION B1INV(41,41)

THE DIMENSIONED ARRAYS HAVE THE FOLLOWING DIMENSIONS:
C(HYyBRRST(H41) s AT (ME19N) o INBASE(H) 2 ISTAT(N)
BLIAVCA Lo ME1) o XBLCHAT) o YI(K$1D o REDCAS(N) o YR(N)
ARINT(ND»ESTAR(NOES)  BELECIFy 1SAM) 1 CAFRL(IP) +CAPB2(IP)
SURCIE) JUT(NORS)
YARBESUIF S IP) s VARB(IP TP LBX(N)
Y(NOBSIP) Y (NOBS) 1 UB1(IF)  IIB2(IP) ) BETAOCIP) o BHAT(IP)

IBETA (IF)
UHERE®
IP = THE NUNBER OF PARAMETERS
NOBS = THE NUMBER OF OBSERVATIONS
ISAM = THE NUMBER OF MONTE CARLO SAMPLES
K = THE NUMEER OF CONSTRAINTS = 2UNOES
N = THE HUMBER OF VARIARELES = 23IP + JANOBS

THE FOLLOWING ‘TOLERANCES' ARE USED IN THE ALGORITHM,
mmmmc«mmrc RE ZERD EXCEPT FOR THE NUMERICAL INACCURRCY OF THE
" TOLRT ¢ IF THE_KAK RETUCED COST IS LESS THAN

TOLR! THEN ALt REDUCER COSTS ARE CONSIDERED TO BE

HON-POSITIVE,
TOLR2 ¥ ANY CORMFUNENT Y(I,J) >OR
CONSINERED NON-HEGATIVE
TOLRT §OIE A BaSIT wakliiit 15 ~ OR
CONSIUERED 10 KE NON-NEGATIVE

TOLR2 15
TOLR3, 1T 1S

TOLR1=1,00-07
TOLR2=-1,01-07
TOLR3=-1.00-07

THE INFUT - CARD NUMEER ONE.

zommnzcxwmmomowmmnCDA_ozm.
o= Z_J,mm OF FARAMETERS,
: EER OF SAMPLES,
00 = 10 UIGIT RANLON NUNBER LESS THAN 2147483647,
1 LURITL) TURITZ, TWRIT3, IWRITAy TWRITSy IR

RES
THE TURIT VARTAHLES INDICATE WHETHER DR NOT A
URITE STATERENT IS T0 ME PRINTED,
IF TNRT M1y IR WHTLRE OF THE mAd DUAL SIMPLEX OCCURS.

4i AND TOPTN

#a G061

mAlng0a2

naInGel

MAINDOSA

KAINO0ES

BAINGOEE
HAINGOS?

MAINGOSS
BATNG0LS
#a140070
Ha140071

MAINGC?2
KaINDy71
KLINOO74
MATHOG7S
HATNOO76
HAINGGT7
KHING078
Halho079
HAINGOBO
KATHEOB]
MAINDGED
HAIH0083
KAINOGBA
KATHOURS
NAINGD3S
HAINGGET
#HAINOOSE
HAINOGES
MAINOOYO
KAINGO9S
NAINOO9D
HAINGO93
HAINGO94
HAINGO9S
MATNGO94
NAIH0GY?
NAING(GY8
HAINOOS9
HAINO10GO
MATN0101
nATNO10?
HALRIL 0
MAINO104
HATNGL1OS
HATNI0104
FAING107
MAING109
1LIn0109
raledl1d
upuz0w~p

=R1a01 20
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